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(57) Abstract 

A spectroscopic analyzing arrangement comprises an ATR optical sampling plate (30) with a front sample-contacting face (32) and 
an opposed rear internally reflecting face (34). An anvil assembly (50) is arranged so that the sample-contacting face can be pressed 
against the sample to receive spectroscopic information. A reflection barrier (52) between the anvil assembly and the rear face prevents 
internally reflected light within the sampling plate from picking up spectroscopic information from the anvil assembly, thus enhancing the 
performance of the arrangement. 
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A SPECTROSCOPIC ANALYZING ARRANGEMENT 



FIELP OF THE INVENTION 



THIS invention relates to a spectroscopic analyzing arrangement which 
incorporates an optical device for multi-bounce attenuated total reflection 
(ATR) spectroscopic analysis. 
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SUMMARY OF THE I NV E NT IO N 



According to the invention there is provided a spectroscopic analyzing 
arrangement comprising an ATR optical sampling plate having a front 
sample-contacting face and an opposed rear internally reflecting face, an anvil 
assembly located rearwardly of the rear reflecting face for allowing the 
sample-contacting face to be pressed sufficiently hard against the sample to 
receive spectroscopic information therefrom, and a reflection barrier located 
between the anvil assembly and the rear internally reflecting face of the 
sampling plate for preventing internally reflected light within the sampling 
plate from picking up spectroscopic information from the anvil assembly. 

In a preferred form of the invention, the anvil assembly comprises an anvil 
and a prism having an entry facet for receiving incident light and an exit facet 
for allowing light reflected within the sampling plate to exit, the prism having 
a front face arranged to make contact with the rear reflecting face of the 
sampling plate via the reflection barrier and an opposed rear face against 
which the anvil locates. 

Conveniently, an outer peripheral support is fixed to the outer periphery of 
the sampling plate, preferably by gluing or brazing, with entry and exit 
passages being defined in the outer peripheral support for receiving the 
incident and reflected light beams. 

Both the sampling plate and the prism are typically formed from a diamond 
material such as a type IIA or a CVD diamond. 



The reflection barrier is conveniently in the form of a reflective metallic 
coating having a maximum thickness of 10% of the wavelength of light used. 
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The coating is preferably coated onto the front face of the prism but may also 
be applied directly to the rear internally reflecting face of the sampling plate, 
if it allows good internal reflection from its adhesion layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a highly schematic view of a prior art single bounce 
ATR prism; 

Figure 2 shows a highly schematic view of a prior art multi-bounce 
ATR prism; and 

Figure 3 shows a partly schematic cross-sectional side view of a multi- 
bounce ATR spectroscopic analyzer of the present invention. 

DESCRIPTI ON OF BACKGROUND 

Referring first to Figure 1 , a simple single-bounce prism 10 is shown having 
a front contact surface or facet 12 which contacts a sample 14. The prism 10 
is also provided with an angled entry facet 16 for receiving a beam of light 18 
which reflects off the contact surface 12 and exits through an exit facet 20 for 
subsequent spectroscopic analysis. The described arrangement makes use of 
attenuated total reflection (ATR) spectroscopic analysis, which depends on 
the fact that a beam of light which is reflected from a contact surface 12 
between an optical medium 10 and a sample 14 carries spectroscopic 
information from that sample. 
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In Figure 2, a prior art multi-bounce prism 22 is shown which operates on the 
same principles as the single-bounce prism 10 of Figure 1, save that repeated 
reflections 24 of the light beam 18A off the sample 14A result in a better 
spectroscopic signal carrying additional information from the sample 14A. In 
addition to the entry and exit facets 16A and 20A, the multi-bounce prism 22 
is also provided with a rear total internal reflection facet 26 for allowing total 
internal reflection of the light beam 18A prior to its exit. 

Critical to the ATR process is the provision of intimate optical contact 
between the sample and the prism. In the case of a liquid sample, this is 
easily achieved, but in order to achieve good optical contact with the solid 
sample, the sample needs to be pressed against the prism with not 
insubstantial force via a mechanical load. In the more effective multi-bounce 
arrangement illustrated in Figure 2, the thickness of the prism is generally 
chosen in the range of 0.3mm to 2mm, with the prism having a 
corresponding length varying from 1mm to 10mm. The fairly long and thin 
strip which results has a delicate construction which is not easily capable of 
absorbing the required contact force in the case of a solid sample. 

An obvious way of coping with the resultant mechanical load is to provide a 
direct support for the rear face 26 of the prism. A significant disadvantage of 
this apparent solution is that the support itself will, by virtue of its intimate 
optical contact with the face 26, add its own unwanted spectroscopic 
information to the light beam. In addition, support of the entry and exit 
facets of the prism is not easily achievable as this would tend to result in 
some form of interference with the entry and exit light beams. 
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DESCRIPTION OF AN FM BODIMENT 



Referring now to Figure 3, a multi-bounce ATR spectroscopic analyzing 
arrangement of the invention is shown which aims to overcome the 
aforementioned problems associated with the Figure 1 and Figure 2 prior art 
structures. The arrangement includes a front optical sampling plate 30 
formed from a type II A or CVD diamond and having a substantially 
rectangular profile, with a front contact face 32, an opposed rear reflecting 
face 34 and end faces 36 and 38. A peripheral plate holder or mount 40 is 
brazed or glued at 42 to the outer periphery of the plate constituted by the end 
faces 36 and 38 and the outer peripheral zones 34A of the rear face 34. A 
prism 44 similarly formed from a type HA or CVD diamond has angled entry 
and exit facets 46 and 48 is sandwiched between the plate 30 and an anvil 50, 
which fits snugly within an opening 54 defined by the outer peripheral 
support 40. A reflection barrier 52 is provided between the rear face 34 of 
the sampling plate and the front face 53 of the prism. The anvil 50 may in 
itself constitute the mechanical load so as to ensure that sufficient pressure is 
exerted between the optical plate 30 and the sample 56. Alternatively, an 
external force may be applied to the anvil, or the anvil may serve as a mount 
for securing adjustable clamping means in the form of a clamping assembly 
57 which passes around the sample 56 and allows the sample to be clamped 
firmly against the contact surface 32 of the plate 30. 

Entry and exit passages 58 and 60 are defined in the peripheral mount or 
support 40 and provide respective travel paths for incident and reflected light 
beams 62 and 62 A. The reflection barrier 52 also stops short of the incident 
and reflected paths. In order to eliminate unwanted reflections at the entry 
and exit interfaces 64 and 66 of the rear surface of the plate 30 and the front 
surface of the prism 44, the thickness of the reflection barrier 52, and thus 
the distance between the sampling plate 30 and the prism 44, is minimized to 
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less than 10% of the wavelength of the light used. The reflection barrier or 
mirror 52 is typically constituted by a reflective coating of a titanium 
adhesion layer which is coated onto the prism 44 and an overlying reflective 
gold layer having a total thickness of 100 to 200 nanometers (which 
corresponds to not more than one tenth of the wavelength of the incident light 
beam). The reflection barrier 52 is coated onto the prism 44 so that the 
adhesion layers between the coating and the prism do not influence the light 
beam as it is reflected off the rear surface 34 of the plate. In high 
temperature applications, a platinum diffusion barrier may be provided 
between the titanium and gold layers. 

In the prototype, it was found that background light entering the prism 44 
through the entry face 46 and exiting through the exit face 48 resulted in 
unwanted background noise. The elimination of this background light is 
addressed in a number of ways. Firstly, the titanium adhesion layer which is 
coated onto the prism 44 and the overlying reflective gold layer act as a 
background light absorbing layer for the top of the prism 44. A layer of 
epoxy, an absorbent coating or a black carbon layer can be added to the 
bottom surface of the prism 44 to act as a further background light absorber. 

Alternatively, or in addition, the top and bottom surfaces of the prism 44 are 
corrugated to obtain diffusely reflecting surfaces for background light, or the 
top and bottom surfaces of the prism 44 can have small grooves to stop the 
incident light by reflection. 

Finally, the prism 44 may be split into two parts with a light barrier, which 
may be, for example, metal foil, inserted between the two parts. In this 
variation, the prism will be joined together by, for example, gluing. 
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The clamping assembly 57 comprises a U-shaped yoke 68, and a clamping 
arm 70 is hinged at 72 to one arm of the yoke, with the opposed free end of 
the clamping arm being screwed to the opposite arm of the yoke by means of 
a clamping screw 74. A loading screw 76 passes through the centre of the 
clamping arm 70 and is formed with a finger grip 78 and an opposed head 80 
for applying pressure directly onto the rear face of the sample 56 as the 
loading screw 76 is turned. Preferably, the anvil 50 sits on or is mounted 
directly to the base of the yoke, and the support 40 is mounted to the base of 
the yoke via flexible mounts in the form of springs 82. Alternatively the 
anvil 50 and the support 40 are joined together by, for example, gluing or 
brazing. 

The dimensions, shapes and angles of both the sampling plate 30 and the 
prism 44 may vary considerably depending on the number of optical bounces 
required. For instance, circular or disc-shaped prisms and plates may also be 
provided, with corresponding alterations being made in the configuration of 
the other components making up the spectroscopic analysis arrangement. 
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C L AIMS; 



1. A spectroscopic analyzing arrangement comprising an ATR optical 
sampling plate having a front sample-contacting face and an opposed rear 
internally reflecting face, an anvil assembly located rearwardly of the rear 



sufficiently hard against the sample to receive spectroscopic information 
therefrom, and a reflection barrier located between the anvil assembly and 
the rear internally reflecting face of the sampling plate for preventing 
internally reflected light within the sampling plate from picking up 
spectroscopic information from the anvil assembly. 

2. A spectroscopic analyzing arrangement according to claim 1 wherein the 
anvil assembly comprises an anvil and a prism having an entry facet for 
receiving incident light and an exit facet for allowing light reflected 
within the sampling plate to exit, the prism having a front face arranged 
to make contact with the rear reflecting face of the sampling plate via the 
reflection barrier and an opposed rear face against which the anvil 
locates. 

3. A spectroscopic analyzing arrangement according to claim 1 or claim 2 
wherein an outer peripheral support is fixed to the outer periphery of the 
sampling plate with entry and exit passages being defined in the outer 
peripheral support for receiving the incident and reflected light beams. 



reflecting face for allowing the sample-contacting face to be pressed 



4. A spectroscopic analyzing arrangement according to claim 3 wherein the 
outer peripheral support is fixed to the outer periphery of the sampling 
plate by gluing or brazing. 
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5. A spectroscopic analyzing arrangement according to any one of claims 2 
to 4 wherein both the sampling plate and the prism are formed from a 
diamond material. 

6. A spectroscopic analyzing arrangement according to claim 5 wherein the 



7. A spectroscopic analyzing arrangement according to any preceding claim 
wherein the reflection barrier is in the form of a reflective metallic 



8. A spectroscopic analyzing arrangement according to claim 7 wherein the 
coating is applied onto the front face of the prism. 

9. A spectroscopic analyzing arrangement according to claim 7 wherein the 
coating is applied directly to the rear internally reflecting face of the 
sampling plate. 

10. A spectroscopic analyzing arrangement according to any one of claims 2 
to 9 further comprising a background light absorbing layer applied to the 
bottom surface of the prism. 

11. A spectroscopic analyzing arrangement according to claim 10 wherein the 
background light absorbing layer is a layer of epoxy, an absorbent coating 
or a black carbon layer. 

12. A spectroscopic analyzing arrangement according to any one of claims 2 
to 1 1 wherein the top and bottom surfaces of the prism are corrugated to 
obtain a diffusely reflecting surface for background light. 



diamond material is a type HA or a CVD diamond. 



coating having a maximum thickness of 10% of the wavelength of light 
used. 
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13. A spectroscopic analyzing arrangement according to any one of claims 2 
to 11 wherein the top and bottom surfaces of the prism are grooved to 
stop incident background light by reflection. 

14. A spectroscopic analyzing arrangement according to any one of claims 2 
to 13 wherein the prism is split into two parts with a background light 
barrier inserted between the two parts. 

15. A spectroscopic analyzing arrangement according to claim 14 wherein the 
background light barrier is metal foil. 

16. A spectroscopic analyzing arrangement substantially as herein described 
with reference to Figure 3 of the accompanying drawings. 
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